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(54) Cement composition 

(57) A mWiod and cement composition is provided for sealing a subterranean zone penetrated by a well bore, 
wherein the canent composition comprises zeolite, cementitious material, and water sufficient to form a slurry. 
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the cement, and more preferably in an amount of about 5% to about 75% by weight of the cement. In another compo- 
sition, zeolite may be used as an extender for lightweight slurries. In this use, the zeolite is present in an amount of 
about 30% to about 90% by weight of the cement, and more preferably in an amount of about 50% to about 75% by 
weight of the cement. It is to be understood that the above-described zeolite cement mixtures can be used as lightweight 
5 cements, normal weight cements, densified cements, and squeeze cements. Moreover, zeolite may be used as a 
suspending aid, thixotropic agent, particle packing agent, strength retrogression prevention agent, strength enhancer, 
foamed cement-stability agent, and a low temperature accelerator. 

[0012] Water in the cement composition is present in an amount sufficient to make a slurry which is pumpable for 
introduction down hole. The water used to form a slurry in the present embodiment can be fresh water, unsaturated 

w salt solution, including brines and seawater, and saturated salt solution. Generally, any type of water can be used, 
provided that it does not contain an excess of compounds, well known to those skilled in the art, that adversely affect 
properties of the cement composition. The water is present in an amount of about 22% to about 200% by weight of 
the cement, and more preferably in an amount of about 40% to about 100% by weight of the cement. 
[0013] In an alternative, conventional accelerating additives such as sodium chloride, sodium sulfate, sodium alu- 

15 minate, sodium carbonate, calcium sulfate, aluminum sulfate, potassium sulfate, and alums can be added to further 
increase early compressive strength development of the cement composition. The accelerating additives are present 
in an amount of about 0.5% to about 10% by weight of the cement, and more preferably in an amount of about 3% to 
about 7% by weight of the cement. 

[0014] Conventional dispersants may be added to control fluid loss, such as a sulfonated acetone formaldehyde 
20 condensate available from SKW Polymers GmbH, Trostberg, Germany. The dispersant is preferably present in a range 
from about 0.01 % to about 2%. 

[001 5] A variety of additives may be added to the cement composition to alter its physical properties. Such additives 
may include slurry density modifying materials (e.g., silica flour, sodium silicate, microfine sand, iron oxides and man- 
ganese oxides), dispersing agents, set retarding agents, set accelerating agents, fluid loss control agents, strength 
25 retrogression control agents, and viscosifying agents well known to those skilled in the art. 

[0016] The following examples are illustrative of the methods and compositions discussed above. 

EXAMPLE 1 

30 [0017] Components in the amounts listed in TABLE 1 were added to form four batches of a normal density slurry. 
The batches were prepared according to API Specification RP 10B, 22 nd Edition, 1997, of the American Petroleum 
Institute (the entire disclosure of which is hereby incorporated as if reproduced in its entirety). 
[001 8] The cement for all batches was Class A cement. The cement amounts are reported as percentages by weight 
of the composition ("%"). The water and zeolite amounts in this example are reported as percentages by weight of the 

35 cement ("%bwoc"). The density was conventionally measured, and reported in pounds per gallon ("lb/gal"). 

[0019] Zeolite was obtained from C2C Zeolite Corporation, Calgary, Canada, and mined from Bowie, Arizona, USA. 



TABLE 1 



Components 


Batch 1 


Batch 2 


Batch 3 


Batch 4 


Water (%bwoc) 


46.7 


56.9 


46.7 


56.9 


Cement (%) 


100 


100 


100 


100 


Zeolite (%bwoc) 


0 


10 


0 


10 


Density (ib/gal) 


15.6 


15.0 


15.6 


15.0 


Temperature (°F) 


40 


40 


60 


60 


Compressive strength @ 12 hours (psi) 


190 


322 


555 


726 


Compressive strength @ 24 hours (psi) 


300 


753 


1450 


1507 


Compressive strength @ 48 hours (psi) 




1554 


2500 


2600 



TABLE 1 shows that batches with zeolite (Batches 2 and 4) had higher compressive strengths than conventional 
cement slurries (Batches 1 and 3). 

55 

EXAMPLE 2 

[0020] Components in the amounts listed in TABLE 2 were added to form four batches of a lightweight pozzolanic 
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slurry. The batches were prepared according to API Specification RP 10B 

[0021] The cement for all batches was Class C cement. Zeolite was the same as in EXAMPLE 1. Fumed silica was 
obta.ned from either Fnte Industries, Mesquite, Texas, USA, or Elkem Group, Oslo, Norway. 

TABLE 2 



Components 


Batch 1 


Batch 2 


Ddicn o 


oaten 4 


Water (%) 


110 


110 


I IU 


110 


Cement (%) 


100 


100 


I UK) 


100 


Fumed silica (%bwoc) 


22 


o 




0 


Zeolite (%bwoc) 


0 




U 


22 


Density (lb/gal) 


12.0 


1? 0 


\d.U 


12.0 


Temperature (°F) 


80 


80 


180 


180 


Compressive strength @ 12 hours (psi) 


79 


61 


743 


r 704 


Compressive strength @ 24 hours (psi) 


148 


133 


944 


900 


Compressive strength @ 48 hours (psi) 


223 


220 


1000 


921 


Compressive strength @ 72 hours (psi) 


295 


295 


1000 


921 


Thickening Time (hr:min) 


5:20 


4:03 


5:43 


4:15 


Plastic Viscosity (cP) 


41.4 


49.9 


16.9 


18.3 


Yield point (lb/1 00ft 2 ) 


23.6 


25.3 


12.3 


10.3 



EXAMPLE 3 



[0022] Components in the amounts listed in TABLE 3 were added to form five batches of a lightweight microsohere 
slurry. The batches were prepared according to API Specification RP 10B 'Weight microsphere 

[0023] The cement for all batches was Class C cement. Zeolite and fumed silica were the same as in exampi p o 



Components 


Batch 1 


Batch 2 


Batch 3 


Batch 4 


Batch 5 


Water (%bwoc) ~~ 


98 


98 


98 


98 


98 


Cement (%) ™ 


100 


100 


100 


100 


100 


Fumed silica (%bwoc) 


0 


0 


0 


15 


0 


Zeolite (%bwoc) 


0 


15 


0 


0 


15 


Density (lb/gal) 


11.5 


11.5 


11.5 


11.5 


11.5 


Temperature (°F) 


120 


120 


200 


200 


200 


Compressive strength @ 24 hours (psi) 


1107 


1110 


1202 


2225 


2026 


Compressive strength @ 48 hours (psi) 


1621 


1734 


1940 


2669 


2276 


Compressive strength @ 72 hours (psi) 


1942 


1942 


1789 


2726 




Comments 


settling 


no 

settling 


settling 


no 

settling 


no 

settling 



Ict!^ "2 batches t with f olite (Batches 2 and 5) did not settle, leading the Applicants to propose that zeolite 

acts as an anti-settling agent, as does conventional fumed silica (Batch 4). KK w pose ,nai ze0l,te 
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EXAMPLE 4 

[0024] Components in the amounts listed in TABLE 4 were added to form three types of an 11 .7 lb/gal density slurry. 
The types were prepared according to API Specification RP 10B. The cement for all batches was Class C cement. 
s Fumed silica was the same as in 

EXAMPLE 2. 

[0025] Slurry type 1 was a conventional slurry containing prehydrated bentonite. Bentonite was obtained from Hal- 
10 liburton Energy Services, Inc., Houston, Texas USA, and is sold under the trademark "AQUA GEL GOLD." 

[0026] Slurry type 2 was a conventional slurry containing a 5% bwoc accelerating additive (1 % sodium meta silicate; 

2% sodium sulfate; 2% calcium chloride), 1 % bwoc prehydrated bentonite, and 1 9% bwoc fly ash. Fly ash was obtained 

from Ascor Technologies, Calgary, Alberta, Canada (samples obtained at Sheerness and Battle River). 

[0027] Slurry type 3 was a slurry according to one embodiment of the present invention. Zeolite is given as a per- 
15 centage by weight of the composition. Zeolite was obtained from C2C Zeolite Corporation, Calgary, Canada, and mined 

from Princeton, BC, Canada. The zeolite was further divided by particle size, i.e., its ability to pass through conventional 

mesh screens (sizes 1,2, 3, etc.). 



TABLE 4 



Components 


Typel 


Type 2 


Type 3 


Water % 


154 


114 


130 


Cement % 


100 


60 


60 


Bentonite %bwoc 


4 


1 


0 


Fly ash %bwoc 


0 


19 


0 


Fumed silica %bwoc 


0 


15 


0 


Zeolite (mesh size 1)% 


0 


0 


30 


Zeolite (mesh size 2) % 


0 


0 


10 


Density (lb/gal) 


11.7 


11.7 


11.7 


Time to 50 psi at 68°F (hr:min) 


no set 


4:43 


9:21 


Time to 50 psi at 86°F (hnmin) 


no set 


3:16 




Time to 50 psi at 104°F (hnmin) 


21:31 


3:36 


4:13 


Time to 50 psi at 122°F (hnmin) 


8:12 




1:45 


Time to 500 psi at 68° F (hnmin) 


N/A 


52:14 


52:30 


Time to 500 psi at 86°F (hnmin) 


N/A 


22:57 


19:10 


Time to 500 psi at 1 04°F (hnmin) 


N/A 


16:05 


16:45 


Time to 500 psi at 1 22°F (hnmin) 


N/A 




11:07 



TABLE 4 shows that zeolite cement (Type 3) sets faster than conventional bentonite cement (Type 1) even at low 
temperatures, and delivers results similar to conventional fumed silica slurries (Type 2). 

EXAMPLE 5 

[0028] Components in the amounts listed in TABLE 5 were added to form five batches of an 1 1 .7 lb/gal density slurry. 
The batches were prepared according to API Specification RP 10B. 

[0029] The cement for all batches was Class C cement. Zeolite was the same as in EXAMPLE 4. The accelerating 
additive for Batch 2 was calcium sulfate, the accelerating additive for Batch 3 was sodium aluminate, and the accel- 
erating additive for Batches 4 and 5 was sodium sulfate. 
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TABLE 5 



Components 


Batch 1 


Batch 2 


Batch 3 


Batch 4 


Batch 5 


Water % 


130 


! 130 


130 


130 


1 ov 


Cement % 


60 


60 


60 


60 


fiO 

w 


Accelerating additive %bwoc 


0 


3 


3 


3 


6 


Zeolite (mesh size 1)% 


30 


30 


30 


30 


30 
ou 


Zeolite (mesh size 2) % 


10 


10 


10 


10 


10 


Density (lb/gal) 


11.7 


11.7 


11.7 


11.7 


11.7 


Temperature °F 


122 


122 


122 


122 


122 


Compressive strength @ 12 hours (psi) 


1 


347 


258 


196 


356 


Compressive strength® 24 hours (psi) 


104 


355 


531 


360 


745 i 


Compressive strength® 48 hours (psi) 


400 


748 


903 


687 


847 



TABLE 5 shows that zeolite cements set with all accelerating additives, as illustrated bv the 
strengths. ' 



increasing compressive 



EXAMPLE 6 

[0030] Components in the amounts listed in TABLE 6 were added to form five batches of a 1 5.6 lb/gal slurry The 
batches were prepared according to API Specification RP 10B. The cement for all batches was Class A cement Zeolite 

available from SKW Polymers GmbH, Trostberg, Germany. 

E? 11 ,ol^ d '?1 S WaS t6Sted Und6r Standard conditions according to Section 10 of API Specification RP 10B 22"d 
in ite^ntlrety) African Petroleum tnstitute (the entire disclosure of which is hereby incorporated as if reproduced 
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TABLE 6 shows that batches with zeolite (Batches 2, 3, 5, 6, 8, and 9) control fluid loss better than conventional cement. 
Also, the fluid loss control improves with increasing concentration of the dispersant. 

EXAMPLE 7 

5 

[0032] Components in the amounts listed in TABLE 7 were added to form five batches of a lightweight pozzolanic 
slurry. The batches were prepared according to API Specification RP 10B. 

[0033] The cement for all batches was Class C cement. Zeolite and fumed silica were the same as in EXAMPLE 2. 
Under standard conditions set out in Section 15.6, Sedimentation Test, of API Specification RP 10B, 22 n <* Edition, 
10 1997, of the American Petroleum Institute, the batches were placed in corresponding cylinders and allowed to set for 
24 hours. Each cylinder was then divided into segments, and the density for each segment was determined by con- 
ventional means. It is understood that the absence of settling is indicated by minimal variation in density values among 
the sections of a given cylinder, as shown in TABLE 7. 

15 TABLE 7 



20 



35 



Components 


Batch 1 


Batch 2 


Batch 3 


Batch 4 


Batch 5 


Batch 6 


Batch 7 


Water % 


110 




1 in 


1 l U 


110 


110 


110 


Cement % 


56 


56 


56 


56 


56 


56 


56 


Fumed silica 
%bwoc 


22 


0 


22 


0 


0 


22 


0 


Zeolite %bwoc 


0 


22 


0 


22 


0 


0 


22 


Initial density (lb/ 

gai) 


12.0 


12.0 


12.0 


12.0 


12.0 


12.0 


12.0 


Temperature (°F) 


80 


80 


180 


180 


200 


200 


200 


Settling Test Top 

Segment 

(lb/gal) 


11.6 


12.3 


11.7 


12.4 


12.7 


12.3 


12.9 


2nd Segment 
(lb/gal) 


12.0 


12.4 


11.7 


12.5 


13.3 


12.3 


12.8 


3rd Segment 
(lb/gal) 


12.0 


12.4 


11.7 


12.4 


13.1 


12.1 


12.9 


4th Segment 
(lb/gal) 


11.9 


12.4 


11.8 


12.3 








5th Segment 
(lb/gal) 


11.9 


12.4 




12.3 








Comments 


settling 


no 

settling 


no 

settling 


no 

settling 


settling 


no 

settling 


no 

settling 



45 TABLE 7 shows that batches with zeolite (Batches 2, 4, and 7) did not settle. 

[0034] In a preferred method of sealing a subterranean zone penetrated by a well bore, a cement composition com- 
prising zeolite, cementitious material, and water is prepared. The cement composition is placed into the subterranean 
zone, and allowed to set therein. 

50 

Claims 

1 . A cement composition comprising: zeolite, cementitious material, and water. 
55 2. A composition according to claim 1 , wherein the zeolite is represented by the formula: 

M a/nKAIO 2 ) a (SiO 2 ) b ]xH 2 0 
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where M is a cation such as Na, K, Mg, Ca, or Fe; and the ratio of b:a is from greater than or equal to 1 to 
less than or equal to 5. 

3. A composition according to claim 1 or 2, wherein the zeolite is analcime (hydrated sodium aluminum silicate); 
5 chabazite (hydrated calcium aluminum silicate); harmotome (hydrated barium potassium aluminum silicate); heu- 

landite (hydrated sodium calcium aluminum silicate); laumontite (hydrated calcium aluminum silicate); mesolite 
(hydrated sodium calcium aluminum silicate); natrolite (hydrated sodium aluminum silicate); phillipsite (hydrated 
potassium sodium calcium aluminum silicate); scolecite (hydrated calcium aluminum silicate); stellerite (hydrated 
calcium aluminum silicate); stilbite (hydrated sodium calcium aluminum silicate); or thomsonite (hydrated sodium 
10 calcium aluminum silicate). 

4. A composition according to claim 1 , 2 or 3, wherein the zeolite is present in an amount of from 1 % to 95%, preferably 
from 5% to about 75%, by weight of the cementitious material in the composition. 

15 5. A composition according to claim 4, wherein the zeolite is present in an amount of from 30% to 90%, preferably 
from 50% to 75%, by weight of the cementitious material in the composition. 

6. A composition according to any of claims 1 to 5, wherein the cementitious material is Portland cement, pozzolan 
cement, gypsum cement, aluminous cement, silica cement, or alkaline cement. 

20 

7. A composition according to any of claims 1 to 6, wherein the water is present in an amount of from 22% to 200%, 
preferably from 40% to 100%, by weight of the cementitious material. 

8. A composition according to any of claims 1 to 7, further comprising an accelerating additive, preferably present in 
25 an amount of from 0.5% to 10%, more preferably from 3% to 7% by weight, of the cementitious material. 

9. A composition according to claim 8, wherein the accelerating additive is sodium chloride, sodium sulfate, sodium 
aluminate, sodium carbonate, calcium sulfate, aluminum sulfate, potassium sulfate, or alum. 

30 10. A composition according to any of claims 1 to 9, further comprising a dispersant, eg a sulfonated acetone formal- 
dehyde condensate, said dispersant preferably being present in an amount of from 0.01 % to 2% by weight of the 
cementitious material. 

1 1 . A composition according to any of claims 1 to 10, further comprising cenospheres, preferably present in an amount 
35 of from 30% to 60% by weight of the cementitious material. 

12. A method of sealing a subterranean zone penetrated by a well bore, which method comprises cementing the zone 
with a cement composition as claimed in any of claims 1 to 11. 

40 
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